M\Iicrobiol. 11:529-532. 1963.-Selected strains of lactic acid bacteria isolated from grass silage were found to flourish when inoculated into irradiation-sterilized forage under gnotobiotic conditions. The acid content and pH of these silages resembled naturally fermented silage. Inoculation of gnotobiotic silage with Clostridium sporogenes and C. tyrobutyricum failed to cause any noticeable deterioration of silage quality.
Preparation of irradiated forage. The forages used in these studies were cut with a regular field chopper, immediately placed in plastic bags (13 by 22 in.) in 3-to 5-lb quantities, and then frozen. The alfalfa (17 % dry matter) was cut in October, 1961 , and was used in the experiments without further treatment; however, the corn forage (30 % dry matter) cut in September, 1960, was, while in a frozen state, further reduced in particle size by passage through a Fitz hammer mill with the coarsest sieve available. This treatment produced a more homogeneous material, greatly facilitating subsequent mixing and sampling procedures.
The frozen forages were placed as needed in 1-lb quantities in polyethylene bags (8 by 16 in.), and the ends of the bags were heat-sealed by use of a Crimpmaster (model 271; Cleveland Lathe and -Machine Co., Cleveland, Ohio). A second bag was placed over the first and similarly sealed. The forages were then irradiated with a Van de Graaf belt generator. Two passages were made with the bags being turned after the first treatment. The average dose per passage was 3.6 megarads with a minimum of 2.0 megarads and a maximum of 4.65 megarads. Efficiency of sterilization was determined by placing Sporedex strips (Bacillus subtilis var. globigii spore strips manufactured by the American Sterilizer Co., Erie, Pa.) with the forages during irradiation. The spore strips were then aseptically placed on nutrient agar plates, incubated for 24 hr at 37 C, and examined for growth. After irradiation, the forages were stored in a freezer.
Cultures. The cultures of lactic acid bacteria were isolated by C. W. Langston, U.S. Department of Agriculture, and were identified by him as follows: Lactobacillus plantarum T-126-5, L. brevis T-1984-5, Pediococcus T-133-5, Str eptococcus faecalis T-10-5, and L. arabinosus T-253-5.
These cultures were maintained in microinoculum broth.
Before use, each culture was diluted aseptically with microinoculum broth to give cell concentrations of 1.6 X 108 cells per ml. This dilution was necessary since the cultures did not attain the same final cell concentrations.
The cultures of anaerobic sporeformers, C. sporogenes and C. tyrobutyricum, were also received through the courtesy of Dr. Langston. These cultures were maintained on Brain Heart Infusion broth which contained 0.1 % cysteine hydrochloride, and the cultures were covered with a Vaseline-paraffin plug to maintain anaerobiosis. All cultures were maintained in screw-cap tubes.
Gnotobiotic technique. The germ-free isolators were of the flexible film type described by Trexler and Reynolds (1957) . Prior to introduction into the isolators, all materials were dipped for several minutes in a 2 % peracetic acid bath containing a trace (about 0.1 %) of Triton X-100 to facilitate wetting. The materials added to each isolator were as follows: stainless-steel scissors, bags of irradiated forage, an aluminum rod (0.5-in. diameter and 10 in. long), screw-cap dilution bottle with 90 ml of sterile water, cultures (10 ml of each) in screw-cap tubes, a 10-ml syringe with a # 16 2-in. blunted needle, and 100-ml wide-mouth polyethylene screw-cap bottles.
After introduction of these materials into the isolator, (1957) and lactic acid, when determined separately from the other fatty acids, was assayed by the method of Barker and Summerson (1941) .
RESULTS AND DIsCUSSION Table 1 shows the effect of the lactic acid bacteria on the pH of the gnotobiotic silage. In the corn, all organisms produced the lowest pH between the fourth and seventh days, except S. faecalis T-10-5 and the pediococcus which required a longer time to reach the lowest pH. In the alfalfa silage, all organisms produced the minimal pH in 1 week. When the same forages, nonirradiated, were packed into polyethylene bottles under conditions that were not germ-free, the pH values at 2 days were considerably lower for the corn silage, although at 4 days the gnotobiotic silages had reached the same pH as the conventional silages. The conventional alfalfa silage lagged behind the pure culture silages in the speed with which the pH dropped. Table 2 shows the changes in titratable acidity in the gnotobiotic silages. These correlated quite well with the pH changes, and again in the gnotobiotic corn silage at 2 days the fermentation was considerably slower than in the conventional silage. S. faecalis T-10-5 again lagged behind the other lactic acid bacteria in the corn forage and also in the alfalfa forage, although to a lesser extent. The final acidity for the gnotobiotic corn silages was similar to a conventional silage, except for L. plantarum T-126-5 which showed approximately 40 % less acidity. The acidities of the alfalfa silages were considerably less than those of the corn forages, reflecting a difference in available carbohydrates. The pediococcus and L. plantarum T-126-5 produced the lowest final titratable acidities in the alfalfa and also produced the highest final pH values Conventional, non-5.7 6.6 6.5 10.1 11.9 sterile * Results are the average of two bottles of silage and are expressed as milliliters of 0.2 N NaOH required to neutralize (pH 7.0 with meter) 200 ml of a 10% (wet basis) silage extract. A nonfermented alfalfa blank required 2.8 ml; and a nonfermented corn blank required 3.4 ml. tion.
Pediococcus T-133-5 0.03 97 137 5.5 Table 3 shows the fatty acid content of these gnotobiotic Streptococcus faecalis 0.03 8. present in greater numbers than the others. The disappearance of the organisms in the silages reflected the bactericidal effect of the acids produced; thus, alfalfa with less acidity than the corn supported a heavier population of microorganisms.
Attempts to artificially spoil silage by inoculating it with the lactate-utilizing anaerobes C. sporogenes and C. tyrobutyricum met with no success (Table 5 ). It was found that these organisms did not grow below pH 5.5 in either a 10 % grass extract, corn extract, or in the anaerobic Brain Heart Infusion broth. This may have accounted for their inability to develop in these silages, although other experiments, wherein the fermented silages were heavily buffered with 4 % CaCO3, also failed to show substantial production of butyric acid with the pH values kept near 5.5. The incubation of these buffered silages in a Brewer anaerobic jar with an atmosphere of 10 % CO2 and H2 with an electrical heating unit to remove oxygen also failed to support growth of these anaerobes. It is apparent that the proper conditions for the development of these allegedly spoilage organisms have not been determined. Further work with gnotobiotic silages, perhaps with forages of varying maturity, protein, or moisture content, may provide important clues to the problem of spoilage of field silage.
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